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l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1 ] The cathode electrode catalyst for fuel cells characterized by making the support which 
supported the Pt-Mo alloy support at least 1 chosen from the group who consists of Sb204 and 
Ce02, and growing into it. 

[Claim 2] The cathode electrode catalyst for fuel cells characterized by making the support which 
supported Pt support Ce02, and growing into it. 

[Claim 3] The manufacture approach of the cathode electrode catalyst for fuel cells characterized by 
acquiring the cathode electrode catalyst for fuel cells which sinks into a cerium solution, calcinates 
Pt-Mo alloy support support at 150-200 degrees C in air, and consists of Pt-Mo alloy-Ce02 support 
support. 

[Claim 4] The manufacture approach of the cathode electrode catalyst for fuel cells characterized by 
acquiring the cathode electrode catalyst for fuel cells which sinks Pt support support into a cerium 
solution, calcinates this Pt support support at 150-200 degrees C in air, and consists of Pt-Ce02 
support support. 

[Claim 5] The manufacture approach of the cathode electrode catalyst for fuel cells characterized by 
acquiring the cathode electrode catalyst for fuel cells which consists of Pt-Mo alloy-Ce02 support 
support or Pt-Ce02 support support by mixing mechanically Pt-Mo alloy support support or Pt 
support support with the shape 2 of a particle CeO. 

[Claim 6] The manufacture approach of the cathode electrode catalyst for fuel cells characterized by 
acquiring the cathode electrode catalyst for fuel cells which calcinates 20Sb3 powder in air above 
500 degrees C, is mixed with Pt-Mo alloy support support on a machine target, and consists of Pt- 
Mo alloy-Sb204 support support. 

» 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the cathode electrode catalyst for fuel cells, and its 

manufacture approach. 

[0002] 

[Description of the Prior Art] The fuel cell has acquired electromotive force by the cell reaction 
which obtains water from hydrogen and oxygen. The hydrogen of a raw material makes a original 
fuel and water, such as a methanol, react to the bottom of existence of a reforming catalyst, and is 
obtained. It is observed as what can demonstrate the engine performance in which the polymer 
electrolyte fuel cell (PEFCiPolymer Electrolyte Fuel Cell) was excellent especially among such fuel 
cells. That is, in the polymer electrolyte fuel cell, hydrogen was used as the fuel and electromotive 
force has been acquired according to the electrode reaction in an anode (fuel electrode) and a cathode 
(air pole). The reduction reaction of oxygen has occurred with the cathode here. However, it is 
surmised that this reduction reaction is slow and constitutes the rate-determining step of electrode 
reaction. The platinum catalyst is used for the electrode reaction in this cathode in many cases. To 
improve the catalyst engine performance of this platinum catalyst was desired. This was the same at 
other fuel cells, such as a phosphoric-acid mold (PAFC) fuel cell. 
[0003] 

[Problem(s) to be Solved by the Invention] This invention was made to the above-mentioned 
situation, and aims at offering the cathode electrode catalyst for fuel cells it was made to raise the 
rate of the reduction reaction of the oxygen in a cathode, and its manufacture approach. 
[0004] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, the cathode 
electrode catalyst for fuel cells concerning this invention is characterized by making the support 
which supported the Pt-Mo alloy support at least 1 chosen from the group who consists of Sb204 
and Ce02, and growing into it. This invention is a cathode electrode catalyst for fuel cells, and 
contains what supported Ce02 in the support which supported Pt as the one gestalt. 
[0005] This invention is the manufacture approach of the cathode electrode catalyst for fuel cells as 
another side face, it sinks into a cerium solution, calcinates Pt-Mo alloy support support at 1 50-200 
degrees C in air, and is characterized by acquiring the cathode electrode catalyst for fuel cells which 
consists of Pt-Mo alloy-Ce02 support support. 

[0006] Moreover, the manufacture approach of the cathode electrode catalyst for fuel cells 
concerning this invention sinks Pt support support into a cerium solution, calcinates this Pt support 
support at 150-200 degrees C in air, and can carry it out also as a gestalt which acquired the cathode 
electrode catalyst for fuel cells which consists of Pt-Ce02 support support. Pt-Mo alloy-Ce02 
support support or Pt-Ce02 support support is obtained also by mixing mechanically Pt-Mo alloy 
support support or Pt support support with the shape 2 of a particle CeO. 
[0007] Furthermore, the manufacture approach of the cathode electrode catalyst for fuel cells 
concerning this invention is another gestalt, and 20Sb3 powder is calcinated in air above 500 
degrees C, and he mixes with Pt-Mo alloy support support on a machine target, and is trying to 
obtain Pt-Mo alloy-Sb204 support support. Although this invention is suitable for a polymer 
electrolyte fuel cell, otherwise, it is also applicable to fuel cells, such as a phosphoric acid fuel cell. 
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[0008] 

[Embodiment of the Invention] Hereafter, the cathode electrode catalyst for fuel cells concerning this 
invention and its manufacture approach are further explained to a detail about the gestalt of the 
operation etc. 

[0009] In the fuel cell, it has the platinum catalyst layer by the side of a fuel electrode, and the 
platinum catalyst layer by the side of an air pole on both sides of the solid-state poly membrane as a 
gestalt of the 1 operation. Here, the following reactions are performed in an anode (fuel electrode) 
and a cathode (air pole). 

[0010] The following reactions are made to cause by the platinum catalyst layer in an anode. 

H2 -> 2H++2e - H+ produced by this reaction is spread. On the other hand, the following reactions 

are made to cause by the platinum catalyst layer in a cathode. 

2H++2e-+l / 202 -> H20 — these reactions are doubled, a cell reaction is constituted and 
electromotive force can be acquired. 

[001 1] Here, as described above, resistance of the reduction reaction of the air by the side of a 
cathode is considered to constitute the rate-determining step greatly. This inventions found out that 
such resistance decreased sharply by using the co-catalyst of at least 1 chosen from the group who 
consists of Sb204 and Ce02 further, as a result of examining wholeheartedly the electrode catalyst 
using the Pt-Mo alloy used for a platinum catalyst layer. Although not completely supported about 
the principle, it is thought that it calls at the place mostly explained below about drawing 1 . As 
shown in drawing 1 , the oxygen molecule 3 is first captured by the co-catalyst particle 2 on the 
support particle 1 . This oxygen molecule 3 is lengthened by Mo component in the particle 4 of a Pt- 
Mo alloy, and carries out spillover to the Pt-Mo alloy particle 4. The catalyst property of Pt 
component is demonstrated by this and the reduction reaction of oxygen advances promptly by it. In 
addition, when making Sb 204 into a co-catalyst, this invention persons will check the effectiveness 
of resistance reduction only by supporting to the ability not checking effectiveness on the support 
which supported only Pt with Ce02, if they are not Pt-Mo alloys. Therefore, like the mechanism of 
drawing 1 , when Ce02 is used, it is guessed that the spillover of oxygen is what advances even if 
there is no Mo. 

[0012] The powder of said support has desirable carbon powder, for example, a graphite, carbon 
black, the activated carbon that has electric conductivity can be mentioned. Especially, for the 
electrode catalyst for fuel cells, KETCHEEN carbon and Balkan Peninsula carbon are desirable. 
[0013] As for the ratio of the Pt-Mo alloy in Pt-Mo alloy support carbon when a Pt-Mo alloy is used 
and the ratio of Mo in the Pt-Mo alloy content contained in the cathode electrode catalyst for fuel 
cells supports a 1-99-mol % and Pt-Mo alloy to carbon, it is desirable that it is 1 - 99wt%. Moreover, 
when using a Pt-Mo alloy, the amount of support of Ce02 and Sb 204 as a co-catalyst has 0.01 to 10 
desirable times to the weight of Pt-Mo alloy support carbon. 

[0014] When using not a Pt-Mo alloy but Pt, as for the ratio of Pt in Pt support carbon at the time of 
supporting Pt to carbon, it is desirable that it is 1 - 99wt%. Moreover, when using Pt, the amount of 
support of Ce02 and Sb 204 as a co-catalyst has 0.01 to 10 desirable times to the weight of Pt 
support carbon. 

[0015] Subsequently, about the manufacture approach of the cathode electrode catalyst for fuel cells 
concerning this invention, the case where a catalytic activity component is supported is mentioned to 
carbon support, and the gestalt of the operation is explained. 

[0016] Pt solution is prepared so that the molar quantity of Pt may turn into a predetermined amount. 
As a Pt solution, H2PtC16 solution and Pt complex ion solution of Pt(N02)2(NH3) 2 grade can be 
mentioned. It mixes in the water / ethanol mixed solution which boiled this Pt solution, and Pt ion is 
returned. Carbon powder, such as KETCHIEN carbon used as the carbon support after cooling, is 
added, and carbon powder is made to carry out adsorption support of the Pt. Then, it filters and dries, 
and heat-treats in a hydrogen ambient atmosphere, and Pt support carbon is obtained. 
[0017] Next, it sinks into molybdenum water solutions, such as 5 molybdenum chloride water 
solutions 0.1 to 2 twice the amount of Mo of the number of mols of Pt, Pt support carbon is returned 
to them at 250 degrees C - 800 degrees C by hydrogen, and Pt-Mo alloy support carbon is obtained. 
Next, it sinks into PtMo support carbon and cerium water solutions, such as a cerium-nitrate water 
solution, are calcinated at 150-200 degrees C among air so that 0.01 to 10 times as many Ce02 as 
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this may be included to the weight of Pt, and Pt-Mo alloy-Ce02 support carbon is obtained. 
[0018] If it sinks into Pt support carbon and cerium water solutions, such as a cerium-nitrate water 
solution, are calcinated at 150-200 degrees C in air so that 0.01 to 10 times as many Ce02 as this 
may be included to the weight of Pt above, without supporting Mo, Pt-Ce02 support carbon can be 
obtained. 

[0019] Moreover, instead of Ce02 after obtaining Pt-Mo alloy support carbon, Sb 204 is made to 
support and it is a Pt-Mo alloy. - Sb 204 Support carbon can be obtained. In this case, 20Sb3 
powder (particle size of 0.1 micrometers or less) can be calcinated in air above 500 degrees C so that 
it may be set to 0.01 to 10 times as much Sb 204 as the weight of Pt-Mo alloy support carbon, and it 
can mix with Pt-Mo alloy support carbon on a machine target, and Pt-Mo alloy-Sb204 support 
carbon can be obtained. If it carries out to baking and coincidence of Sb 204 in 500 degrees C or 
more, it will mix for a carbon component burning out mechanically. 

[0020] In addition, a commercial item can also be used for Pt support carbon (Pt/C) and Pt-Mo alloy 
support carbon (PtMo/C) as it is. It can mix mechanically to Pt-Mo alloy support carbon, and Pt-Mo 
alloy-Ce02 support carbon can also acquire the shape 2 of a particle CeO to it. 
[0021] 

[Example] H2PtC16 solution (Pt content of 100g/l.) was diluted to lg metal / 1 so that the molar 
quantity of example lPt might be set to 0.6mmol(s). The solution (1440g [ of ion exchange water ] 
and ethanol 1 140g and polyvinyl alcohol 0.4g) was boiled. This boiling solution was made to add 
and carry out the reaction of the Pt ion solution prepared previously for 15 minutes (usually 10 
minutes - 24 hours), and Pt ion was returned to it. 120mg (KETCHIEN carbon whose specific 
surface area is 800m2/g) of carbon powder was added and stirred after cooling, and carbon was 
made to carry out adsorption support of the Pt. Then, it filtered and dried, and in the hydrogen 
ambient atmosphere, heat treatment was carried out for 1 hour (usually 0.5 - 6 hours), pyrolysis 
removal of the polyvinyl alcohol was carried out, r and 250 degrees C of Pt support carbon catalysts 
were acquired. Next, it sank into 5 molybdenum chloride water solutions 1 time (usually 0.1 to 2 
twice) the amount of Mo of the number of mols of Pt, Pt support carbon was returned to them by 
hydrogen at 500 degrees C (usually 250 degrees C - 800 degrees C), and Pt-Mo alloy support carbon 
was obtained. Next, it sank into Pt-Mo alloy support carbon, the cerium-nitrate water solution was 
calcinated at 200 degrees C among air, and Pt-Mo alloy-Ce02 support carbon was obtained. 
[0022] H2PtC16 solution (Pt content of 100g/l.) was diluted to lg metal / 1 so that the molar quantity 
of example 2Pt might be set to 0.6mmol(s). The solution (1440g [ of ion exchange water ] and 
ethanol 1 140g and polyvinyl alcohol 0.4g) was boiled. This boiling solution was made to add and 
carry out the reaction of the Pt ion solution prepared previously for 15 minutes (usually 10 minutes - 
24 hours), and Pt ion was returned to it. 120mg (KETCHIEN carbon whose specific surface area is 
800m2/g) of carbon powder was added and stirred after cooling, and carbon was made to carry out 
adsorption support of the Pt. Then, it filtered and dried, and in the hydrogen ambient atmosphere, 
heat treatment was carried out for 1 hour (usually 0.5-6 hours), pyrolysis removal of the polyvinyl 
alcohol was carried out, and 250 degrees C of Pt support carbon catalysts were acquired. Next, it 
sank into Pt support carbon and the cerium-nitrate water solution was calcinated at 200 degrees C 
among air so that twice (usually 0.01 to 10 times) as many Ce02 as this might be included to the 
weight of Pt, and Pt-Ce02 support carbon was obtained. 

[0023] H2PtC16 solution (Pt content of 100g/l.) was diluted to lg metal / 1 so that the molar quantity 
of example 3Pt might be set to 0.6mmol(s). The solution (1440g [ of ion exchange water ] and 
ethanol 1 140g and polyvinyl alcohol 0.4g) was boiled. This boiling solution was made to add and 
carry out the reaction of the Pt ion solution prepared previously for 15 minutes (usually 10 minutes - 
24 hours), and Pt ion was returned to it. 120mg (KETCHIEN carbon whose specific surface area is 
800m2/g) of carbon powder was added and stirred after cooling, and carbon was made to carry out 
adsorption support of the Pt. Then, it filtered and dried, and in the hydrogen ambient atmosphere, 
heat treatment was carried out for 1 hour (usually 0.5 - 6 hours), pyrolysis removal of the polyvinyl 
alcohol was carried out, and 250 degrees C of Pt support carbon catalysts were acquired. Next, it 
sank into 5 molybdenum chloride water solutions 1 time (usually 0.1 to 2 twice) the amount of Mo 
of the number of mols of Pt, Pt support carbon was returned to them at 250 degrees C - 800 degrees 
C by hydrogen, and Pt-Mo alloy support carbon was obtained. Next, 20Sb3 powder (particle size of 
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0.1 micrometers or less) was calcinated in air above 500 degrees C so that it might be set to twice 
(usually 0.01 to 10 times) as many Sb 204 as the weight of Pt-Mo alloy support carbon, and it mixed 
with Pt-Mo alloy support carbon on the machine target, and Pt-Mo alloy-Sb204 support carbon was 
obtained. 

[0024] The polymer electrolyte fuel cell was manufactured using the cathode electrode catalyst of 
example 4 examples 1-3, the trial was performed, and the generation-of-electrical-energy engine 
performance was evaluated. 

[0025] (Preparation of a cell eel) The Nafion solution was added as a polyelectrolyte solution for the 
anode electrode catalyst (PtRu alloy support carbon) at water / ethanol mixed liquor list, and the 
slurry was prepared by ultrasonic stirring. The obtained slurry was applied to the Teflon (trademark) 
sheet, it imprinted on one side of the solid-state poly membrane (at the Du Pont make, a trade name 
is the Nafion film) of 50 micrometers of thickness, and the anode pole was formed. The amount of Pt 
(s) in an anode pole was 0.5 mg/cm2, the amount of Ru was 0.5 mg/cm2, and the amount of Nafion 
was 1 mg/cm2. 

[0026] On the other hand, the Nafion solution was added as a polyelectrolyte solution for the cathode 
electrode catalyst of examples 1-3 at water / ethanol mixed liquor list, and the slurry was prepared by 
ultrasonic stirring. It imprinted to the field which applied the obtained slurry to the Teflon sheet and 
imprinted the anode of the solid-state poly membrane (a trade name is the Nafion film at the Du Pont 
make) of 50 micrometers of thickness, and the field of the opposite side, and the cathode pole was 
formed. The amount of Pt(s) in a cathode pole was 0.5 mg/cm2, and the amount of Nafion was 0.5 
mg/cm2. After sticking carbon paper on an anode pole and each cathode pole, these were inserted 
with one pair of separators, and the electrode eel of 5cm around was produced. 
[0027] <Generation-of-electrical-energy performance evaluation> About the obtained electrode eels 
1-3, a generation-of-electrical-energy trial is performed by the test condition explained below, and 
the result is shown in the following table 1 . 

[0028] anode side: - an H2 60%, C02 20%, and N2 20% side and a ppm, 2ata, temperature [ of 80 
degrees C ], and 80% cathode [ of CO10 hydrogen utilization factors ] side — :air (Air), 2ata, the 





0.15A/cm2 


0.35A/cm2 


0_7A/em2 




0.80 V 


0,76 V 


0,66 V 




0.80 V 


0.76 V 


0.66 V 




0.82 V 


0.76 V 


0.66 V 


ft*** 


0.78 V 


0.70 V 


0.60 V 



[0029] Compared with a eel, it turns out conventionally that the electrode eels 1-3 using the 
prototype catalysts 1-3 are highly efficient so that clearly from Table 1. In addition, the above- 
mentioned example followed the polymer electrolyte fuel cell. However, this invention is not limited 
to such a thing and can be applied to other fuel cells, such as a phosphoric acid fuel cell. 
[0030] 

[Effect of the Invention] According to this invention, the cathode electrode catalyst for fuel cells it 
was made to raise the rate of the reduction reaction of the oxygen in a cathode, and its manufacture 
approach are offered so that clearly from the above-mentioned place. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is a conceptual diagram explaining the mechanism of reduction of the oxygen in this 
invention. 

[Description of Notations] 

1 Support Particle 

2 Co-catalyst Particle 

3 Oxygen Molecule 

4 Alloy Particle 

[Translation done.] 
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DRAWINGS 
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[000 9] $Hf4«?fe-C«. nWOJM&t L/"C. 

f4@) . #V-K "C». TIB©<fc9%JSE&A< 

[00 10] 7 s- FKJBCi-ce^MJgJKCfcfJ. felT 
©Stc^ecS-S-S. 
H, — 2H* + 2e" 

corattctor^G-SH'^tscrSo *y- 

50 2 H' + 2e' +1/20, — H,0 



-I 



3 

[0.0 111CC-C, miELtc<k'?( f c, # v — KfiU<D^ 
OiJBtohi.. S^lBKBCCffll^P t - 

*2fcM*5^3#W«3*i*. Pt 

-Mo£ik<Dfo¥4^<DMo0SftiC$\1fltlX P t -Mo 
flE»©WI»1*tt3W»»3n, BWOJBTcJKlSswa^K: 

p t -Mo&&vrj:vft\mmfimmv% 

[0012] «reafflf*<D»*tt. mmm^mt l < . 
his. mmsmtt^WT^ 

[0 0 13] P t -Mo^Mfflt^^ s^safeffl 

KSJf L/c«^CDP t -Mo^&tm*J-tf>rp<DP t 

U\ ifc % P t -Mo^Mffil^^ BMHK&b 
T<DCe0 2 , Sb.O.CDfi^fi^, Pt-Mo*4fi 

u 0. 0 1-l0ffi?jWff*l, 

l^o 

[0 0 1 4] P t -MoMtttft< , Pt^ffll^ 

^ p t*x-#>tcimLtcm&<DP tmn*>-#> 
o 2 . sb,o 4 ©as*tt. p timx-tfxDmmtc 

2tU 0. 0 1-1 Ofi^LK 
[0015] **WCC»4«SI4«*ffl^V-- K 

So 

[0 0 16] P t CD^^M^^CDfifC/cCSct^^P t 
?§i$£Si3T£ e Ptg^iOtlt H 2 PtCl 6 ?g 

& pt (no,), (nh 5 ) ,?©p te-r*>»«* 
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WSC4#T»4. C0PtSi4»Bl/c*/x$ 
'-^£ttM4>IcflteU P t -f*>*«7&r*„ » 

>»**»jpl, ^-^>©^ccp t««t*s&3-& 

Pt 

[0 0 17KX&C PtCD^;Vtfc(D0. l-2fgODMo 
MCDSigft^V ^>*ig«»©* -frlsimmcP 
tffif*2?~#>*#«U 2 5 0°C~8 0 0'Cr 

10 MtvL. Pt-Mo^fi^-#>^f#^ ^ P 
t ©«*K*M,T0. 0 l-10fi©CeO,*$tfJ: 
5 KffiKHz »; 0 <DH2 »J ^ P t M o 

U £M#1 5 0-2 o o'c-emfc 

U P t -Mo^-C eO a tBJ## 
[0018] «±T\ M o ^fHJfif-rCC. P t <Dfig&C 
*tL>T0. 0 1-1 0te<DCe 0 2 £^tr£5«8^-b 

y A7kmmm<o^ y p t 

SSU ^*-C1 5 0-2 0 0 , CtHKttiH Pt 

20 [00 19] P t -Mo^aj#*-#>*f#fc 

Ce0 2 <DfU>*HC S b 2 0 4 trc, Pt 
-Mo^#-Sb,0 4 ffil*#~^>*f#4C<fc#r# 
So C<Dt§<&, P t -M 0&&m&* -tfXDM&CD 
0. 0 1 — 1 OfgOS b 2 0«£frS<fc5CCS b a O a f&* 
(te&O . 1 » m«T) * 5 0 0 "C^TSftifirttA 
U Pt-Mo^fi^-^>i»iW(Cg^L, P 
t - Mo^-Sb I 0 4 ffi^-^{#eC(bm 
& 0 »Kfl9«:fi-&T-4©«. 5 0 0°CJW_htc*5tt£S b 

30 5/ctfrC&& 0 

[0020]ft*J, PtaH^**>(Pt/C), P 
t -Mo^ffi^-^> (PtMo/C) tt, TfrSEfi 
**©**flil,>4C£fc-C** B Pt-Mo^-Ce 
0,fiJ**J-sK>ttP t -Mo-&^aj#*-#>CC»& 
^KC e O z &ffiKftfic&£ It 5 C £ t>T*# £ e 

[0 02 1 ] 

[Hftffl] H5S091 

P t CD^l/S^O. 6mmo l{Cft4<t5(CH a PtC 
1 6 ^ (P tSWll 00g/l) * 1 gr^JI/1 &c 
40 SMRC/c. ^^>3?^7fcl 44 0g, x£y-;H14 

*»inu 1 5# i 0^-2 4mm 

Pt <4*>&S7vLtc 9 ?&*p« % ^-^>l&^ (it 
0 0 mVg©^r ^x>^7-*'» 120 

l^ra(iiS, 0. 5-6B#fg) #Vt'^ 
50 /c 0 :X5C . P t <D*z)\,m> 1 fg (ii^, 0 . 1 - 2 fg) 



5 

<OM ofiCD 5 &ft* y ^^>7K?§^ P t ffi}#^7-^> 

£^rSU TkJPtrs o o°c (as, 250t-soo 

*o nsi. p t "Mo6*fi»*-*>t»fc. * 
sw-fey«5A*»s[*pt-Mo^&asp*-jK> 

CC^jfU SA4>2 0 0 a C'CftaLr\ Pt-Mo^- 
C e 0,fi#*/-#>*»fc. 
[0 02 2] *JSflI2 

PtO^S^O. 6mmo lW4<fc^CCH2PtC 
l'6*» (PtM1100g/l) tl g^W/lCC 
#f*L/c c -f*>Sfflfc*l 440 g 4 1 4 

Off, stfytfiJbTJVa-Jl'O. 4g©M?:ilS3lf 

/c 0 coffimbtcmmtrc, ^mmvtcp t ^t>mm 
*»inu i5»(a«, i o#-2 4B$ra) sifcs 
if, p t j*^*m7tistc 0 (it 

*®§#8 0 Om 2 /gCD^^x>#-#>) 120 
mgM «#U #-#>tCPtSR#tS#Sl* 
/c. 53®, KfilU *JRSffl««r2 5 0*C, 

mm (a*, o. s^ewm) awaau #ytr~ji/ 
re p t cDsacc^tur 2fg (as, o. oi- 

1 0{g) ©CeO,*^ J:56cmffi*y^A*Sg&% 
P tffl#*/->iOK:#«u ^2 0 0^1^, 
P t -C e 0,aS35;-jK>*9fc Q 
[0 02 3 ] SIJSWI3 

PtcD^;US^0. 6mmoHC^^J:^H2PtC 
1 6S% (PtMll 00g/l) % 1 &C 
#f?0/c o -/:*>£}£7kl 4 4 0 s, x^-;W14 
Og, *';fc:'^;UT^a-;U0. 4 g©SjR*»tfS-& 
/c 0 C©»»Lfc»«*c % 5fcteH»bfcP W*>*» 

15^(IS, 10»^2 4«fIB) Sl£S 
If, P W*>£S7cl,/c 0 *-s^>»5R (it 

iIi^8 0 0mVg©^^x>^^» 120 

mg&mm. 8fflL. #-^>ccp t £©Sfaj$£tf 

/Co -ecoa, 5ia, §£Su r 2 5 o d c, 

1B#HI (SS. 0. 5-6RfH)!fttei^ 

/c 0 yctc, pto*>nkcDi« (am, 0. i-2»> 

(DM o MO 5 «{fc*r y ^-r >*^?Rtc P t - 

*}TC2 5 0*C-8 0 0'CT^tcU P t - 
Mo^SH*-^>a/c. ^4C, Pt-MoMS 

fip*-**>©saoo2« (as. o. oi-io{g)o 

S b^i/cC^J^KS b 2 0 3 ^ (&S0. Umtt 
T) *5 0 0 o CtLhr'igm43-C^L, Pt-MoM 
JSJ#^-^>i^WtC?i^L. Pt-Mo^-Sb 
,0 4 ffi}f#-i0£f#/c 0 

[0024] mmm* 

iimvzb&ti&L. *<DK§**ftiv »itt«B*waBL 

/Co 

[0 025] (®fe-b^tDiss) Ts-pmrnm (P 
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t»fimct^7y-*a»Lfcc ft6*i/c*^y-£ 

-r^n> (9@}SW) h^flJL,T®il5 0 /zmO 

At) ©JtSKi&^U 7>-F«**J«l,;fc. T^-F 
ffitpOP t*tt0. 5mff/cm 2 r, RuffiiO. 5 
mg/cm^, t^^^Klmg/cni't*^ 

/Co 

10 [0 02 6]-*, lllfeWl^3©*V- K«ffi««K: 

L/Co fi6n/c^7 'J-tf7 0>2/- F^^mum 

Ite^U F«*:Jft0EUfc. *v-KS*©Ptl 

fc£0. Smg/cm't ^-y^^">M^0. 5mgr/ 
cm l tl)^c e 7^- Fffiftff*7V- Fffi*ti-e*itc 
^-7P>^w>-Srfl4D^/c^ C.ftfc* l*tQ-te^*U 
20 -£r&<&, 5 cmH^TOWS-fe^J&flFSlL/c. 

[0 027] <«Stt«6ffPffi>»6ft/c«ffi-fe;l/ 1-3 

^<D$S*£Tffi«l 1 CC^-T. 

[0 0 2 8 ] 7^- FOB : H 2 6 0%, C0 2 2 0%, 
N 2 2 0%, COlOppm, 2 a t a, SHg:8 0°C, 
Tk^fijffl^ 8 0 % 

*V-F«:ffi*CAir), 2a t a, Sg8 0'C, ^ 
ffj^^4 0% 





o.ieAfcms 


0.86Afcm2 


0.7Aton2 


Ml 


0.80 V 


a76 V 


0.66 V 




0^0 V 


a7B V 


0.66 V 




QJB2 V 


G.76 V 


0.68 V 




0.78 V 


0.70 V 


0.60 V 



[0 02 9] *1 ^60^6^/cCck^CC, Kft«J«l-3 
*m>/cS@*te;M -3«* ^^KJt^K1*f&T'& 

[0030] 

»IBCc<th«. Fic*jWSB»cDfi7cSJ£coaa[ 

50 [??#(DttlH] 
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4G069 AA03 AA08 BA08A BA08B 

BB02A BB02B BB04A BB04B 
BC26* BC26B BC43A BC43B 
BC5SA BC59B BC75A BC75B 
CC32 EC04Y FA02 FB07 
FB14 FB19 FB30 FC07 

5H018 AA06 AS03 BBOl BB05 BB12 
EE08 EE10 EE12 HH08 

5H026 AA06 BBOO BBOl BB03 BB08 
EE08 EE12 HH08 



